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MacaúbaThis study aimed to characterize the pulp and kernel of guariroba (Syagrus oleracea), jerivá (Syagrus
romanzofﬁana) and macaúba (Acrocomia aculeata) palm fruits, through their proximate composition,
carotenoids contents and tocopherol composition. The three kernels showed to be composed mainly of lipids
and proteins, as the three pulps, of carbohydrate and ﬁber. In the kernels the levels of lipids ranged from 45.17
to 56.37% and proteins from 15.46 to 28.61%. In the pulps the total ﬁber content ranged from 20.26 to 26.98%.
The pulps also presented a signiﬁcant amount of ash, which represents a signiﬁcant mineral content,
especially in the guariroba (5.16%). Moreover, the pulp oils showed higher carotenoids and tocopherol
contents. The jerivá pulp oil contained carotenoid and tocopherol on average 1219 μg/g and 323.50 mg/kg,
respectively. The consumption of the whole fruit, pulp, and kernel supplies important quantities of many
necessary nutrients for human diet, including vitamins A and E.ineering and Technology, São
3221 2257.
vier OA license. © 2011 Elsevier Ltd. Open access under the Elsevier OA license. 1. Introduction
Nutritional composition knowledge of food consumed in Brazil is
essential to assess nutrient availability, and develop researches in
agricultural and food industry planning, among others. However,
there still exists a great variety of little consumed and studied foods,
mainly of vegetable origin, which should be better characterized, as
they may be a rich source of macro- and micronutrients, or bioactive
compounds (Center for Studies and Research in Food, 2004).
The palms represent the major symbols of tropical forests. This is
because most of the existing species occur exclusively in the tropics,
representing one of the largest families of plants, both in wealth and
abundance, occupying almost all habitats. In Brazil, 119 species are
distributed, belonging to 39 genres (Donatti, 2004).
The guariroba is a palm distributed in the states of Minas Gerais,
Goias, Mato Grosso and São Paulo. Its palm heart, known for its bitter
taste, is quite appreciated. Its commercial exploitation has intensiﬁed in
recent years, with the advent of commercial plantations for fresh and
industrial consumption (Carneiro, Rolim, & Fernandes, 2003). The fruit
occurs in greenish-yellow clusters, with a white edible oleaginouskernel. The oil extracted from this nut can also be used in the soap
production, due to its high lipid content (Bora & Moreira, 2003).
The jerivá palm belongs to the Palmae family and it is distributed in
Brazil from the south of Bahia, Espírito Santo, Minas Gerais and São
Paulo to Rio Grande do Sul and Mato Grosso do Sul (Lorenzi, 2000).
The oval yellow fruit has only 3 cm in its widest part. The outer part,
ﬂeshy, is composed of sweet mucilage really appreciated by some
animals such as parrots, or even by humans. Internally, it has a small
kernel which is very similar to that of coconut.
The macaúba is a common species of palm tree found from Pará to
São Paulo and Mato Grosso do Sul. It presents an edible kernel that can
be consumed fresh or as sweet, in the formof crushed peanut candy and
coconut candy. From kernels, it is also possible to obtain a clear and
colorless oil, used in cooking instead of olive oil. The pulp can also be
eaten fresh, cooked, in ice creamsor in recipes suchasbiscuits andcakes.
Few studies are related to the characterization of fruits of these three
species of palms. Bora and Moreira (2003) studied the fatty and amino
acids composition of guariroba palm, but no information about
carotenoidsand tocopherols composition.Vallilo, Tavares,Aued-Pimentel,
Garbelotti, & Campos (2001) reported the centesimal composition, fatty
acids proﬁle and the minerals of four tropical palms, including jerivá, but
just the fruit kernels were analyzed. Ramos, Ramos Filho, Hiane, Braga
Neto, and Siqueira (2008)) determined the centesimal composition and
main carotenoids of the pulp of macaúba, but they have not studied the
macaúba kernels.
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and kernel of guariroba, jerivá and macaúba fruits will contribute to
the generation of data that can be used in tables of chemical
composition of foods, as well as a better dietary guidance. In this
sense, the aim of the present study was to evaluate the proximal
composition of guariroba (Syagrus oleracea), jerivá (Syagrus roman-
zofﬁana) and macaúba (Acrocomia aculeata) pulps and kernels.2. Materials and methods
2.1. Materials
The guariroba, jerivá and macaúba fruits were from the
Southeast and Midwest regions. Three batches of each fruit were
collected from the 2008/2009 harvest. The three batches of
guariroba fruits were from São José do Rio Preto and Santa Fé do
Sul cities, in São José state, and from Frutal city, in Minas Gerais
state, and they were collected between October 2008 and January
2009. The three batches of jerivá fruits were collected in São José do
Rio Preto, José Bonifacio and Santa Fé do Sul cities, in São Paulo state,
between September 2008 and January 2009. The three batches of
macaúba fruits were purchased in São José do Rio Preto, Meridiano
and José Bonifacio cities, in São Paulo state, between November 2008
and January 2009.
All fruits were collected directly from the ground, and they were
ripe, ﬁrm and had no injuries. Afterwards, the selected fruits were
slightly washedwith distilledwater to remove thewaste.Whole fruits
were immediately dried in a forced air circulation oven at 40 °C for
3 h. After this previous drying, the pulp was separated from the stone
of the fruits using a stainless steel knife. Then, the pulp and stonewere
again dried in a forced air circulation oven at 40 °C until they reached
a less than 10% moisture percentage, which is recommended for the
oil extraction and better raw material conservation (Schwartzberg,
1987). The kernel was not separated from the stone, which was
removed only at the time of the analysis, with the aid of a vise. For all
pulps and kernels, the three batches were homogenized and stored in
sealed recipients.Table 1




Pulp 8.71±0.07aA 7.75±0.13bA 5.98±0.15cA
Kernel 4.83±0.03bB 3.94±0.06cB 4.97±0.07aB
Proteins
Pulp 11.59±0.39aB 5.41±0.10cB 6.72±0.45bB
Kernel 15.46±0.30cA 23.98±0.51bA 28.61±0.27aA
Ash
Pulp 5.16±0.06aA 3.21±0.02bA 2.17±0.02cA
Kernel 1.52±0.06cB 1.72±0.05bB 2.08±0.03aB
Lipids
Pulp 13.60±0.19bB 7.48±0.36cB 28.94±0.83aB
Kernel 45.17±0.49bA 56.37±0.34aA 46.06±0.54bA
Total ﬁbers
Pulp 20.64±0.02bA 26.98±0.00aA 20.26±0.28cA
Kernel 12.46±0.28aB 10.99±0.46bB 12.49±0.11aB
Carbohydrates
Pulp 40.32±0.15 49.20±0.12 36.22±0.35
Kernel 20.60±0.23 3.01±0.28 5.81±0.20
The results represent the mean±standard deviation of the analysis performed in
triplicate.
a, b… (line)—means followed by the same letter do not differ by Tukey test (pb0.05).
A, B… (column)—means followed by the same capital letter do not differ by Tukey test
(pb0.05).2.2. Methods
The pulp and kernel fruits were analyzed separately. The moisture
was measured in a vacuum oven at 70 °C to a constant weight,
according to Ca 2d-25 AOCS (1993). The protein level was determined
by the Kjeldahl method, according to AOAC 984.13 (1995). The ash
was determined by calcination at 550 °C, according to the method Ba
5a-49 AOCS (1993). Lipids were extracted in Soxhlet apparatus with
petroleum ether at 40–60 °C, according to the method 3 75 Ai AOCS
(1993). Total ﬁbers were determined according to the method of
Prosky et al. (1985) proposed by AOAC 991.43 (1995) and
carbohydrates, by difference.
The oils used in the analysiswere obtained from thepulps andkernels,
separately, by extraction with petroleum ether at 40–60 °C in Soxhlet
apparatus. The levels of total carotenoids was measured spectrophoto-
metrically, using the method described by Rodriguez-Amaya (1999) for
the extraction of carotenoids, quantiﬁcation was calculated using the
absorption in the wavelength of maximum absorption and A value
(speciﬁc absorbance coefﬁcient) of 2592 in petroleum ether.
Tocopherols composition was determined according to AOCS Ce 8-
86 (1998). The analysis was performed in the Varian high-performance
liquid chromatography (HPLC),model 210,withﬂuorescence detection,
silica column 250×4.6 mmwith pore of 5 μm, a ﬂow of 1.2 mL/min, an
excitation wave length of 290 nm, an emission wave length of 330 nm,
and as mobile phase the mixture of 99.5% of n-hexan and 0.5% of
isopropanol.2.3. Statistical analysis
The results of the analytical determinations, in triplicate, were
subjected to analysis of variance and differences betweenmeans were
tested at 5% probability by Tukey’s test, through the ESTAT program,
version 2.0.
3. Results and discussion
Table 1 shows the mean and standard deviation for the data of
proximate composition of the pulp and kernel fruits.
Among the oil sources, the pulps moisture was signiﬁcantly higher
than that of kernel. Among kernels, macaúba had the highestmoisture
content, followed by guariroba and jerivá. For pulps, the one with the
highest moisture content was the guariroba.
The protein content present in kernels was signiﬁcantly higher
than in the pulps, showing that the kernels of all species are rich
sources of protein and the highest content was found in macaúba
kernel. The pulps showed lower amount of this nutrient and the
lowest result was obtained by the jerivá pulp. However, the guariroba
pulp deserves further attention, with a relatively high protein
percentage, especially when compared to the other pulps examined.
Souza and Menezes (2004) analyzed the quality parameters of
Brazil nut and found a protein content of 14.29% in this kernel. In a
study on the proximate composition of pequi pulp and kernel, Lima,
Silva, Trindade, Torres, and Mancini-Filho (2007) found protein
content of 3.00% in the pulp and 25.27% in kernel. Just as in the
present study, the pequi showed the highest concentration of protein
in the kernel rather than in the fruit pulp.
Regarding the ash content, once again there was a signiﬁcant
difference between the amounts found in the pulp and kernels. In this
case, the ash content was signiﬁcantly higher in pulps than in kernels.
Among species, there was also a signiﬁcant difference. The guariroba
pulp showed the greatest percentage of ash. Nevertheless, its kernel
has the lowest percentage among the samples. As the ash content
indicates the amount of minerals that the sample has, then, it is
Table 2







Pulp 158.44±4.69cA 1219.01±16.21aA 300.01±2.29bA
Kernel 0.81±0.02cB 2.16±0.01aB 1.82±0.04bB
Total tocopherols (mg/kg)
Pulp 45.13±2.65cA 323.50±7.85aA 212.95±0.64bA
Kernel 19.70±0.42bB 19.75±1.06bB 23.10±0.01aB
α-tocopherol (mg/kg)
Pulp 36.33±2.45cA 273.53±4.79aA 143.70±1.13bA
Kernel 11.90±0.28bB 11.05±1.20bB 14.35±0.07aB
β-tocopherol (mg/kg)
Pulp 0.97±0.21cA 36.43±3.30aA 3.25±0.21bA
Kernel nd 0.95±0.07aB 0.85±0.07bB
γ-tocopherol (mg/kg)
Pulp nd 5.47±0.40b 57.85±0.35a
Kernel nd nd nd
δ-tocopherol (mg/kg)
Pulp 7.83±0.06bA 8.07±0.31aA 8.15±0.07aA
Kernel 7.80±0.14aA 7.75±0.07aA 7.90±0.00aA
The results represent the mean±standard deviation of the analysis performed in
triplicate.
a, b… (line)—means followed by the same letter do not differ by Tukey test (pb0.05).
A, B… (column)—means followed by the same capital letter do not differ by Tukey test
(pb0.05).
nd—not detected (b0.10%).
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important sources of these micronutrients.
It can be inferred that the quantity of lipids differs in each species
of fruit. Considering the sources of oil, kernels had lipid content
signiﬁcantly higher than that of pulps. All kernels studied showed
important sources of lipids for food with more than 45% of this
macronutrient. The jerivá kernel should be highlighted due to the
highest lipid content. However, although lower than the value
obtained by kernels, macaúba pulp also displayed a signiﬁcant
amount of lipids, 28.94%, the largest of the analyzed pulps.
In a study on pequi (Caryocar brasiliense, Camb.), Lima et al. (2007)
found lipid content of 33.40% in the pulp and 51.51% in kernel,
indicating that, as well as the present work, the fruit kernels are richer
in lipid content than pulps.
Table 1 shows that both the fruit pulps and kernels proved to be
important total dietary ﬁber source and the fruit pulps have ﬁber
content higher than that of kernels. Among the pulps, which obtained
the highest percentage of ﬁbers was jerivá, followed by guariroba and
macaúba, both with around 20%. For the kernels, the highest ﬁber
content was obtained by guariroba and macaúba kernels, with about
12% each, followed by jerivá kernel, with 10.99%.
The consumption of 100 g of jerivá pulp offers the total amount of
ﬁber consumption indicated per day, which is about 25 g (Brazil,
2003). The guariroba and macaúba pulps account for approximately
80%, while the consumption of 100 g of each kernel is around 45% of
daily needs. This shows that the consumption of the analyzed fruit’s
pulps and kernels may beneﬁt people’s health, since the regular
consumption of dietary ﬁber in the diet is related to a reduced risk of
several pathologies (Michels et al., 2005). The lower intake of ﬁber
and ﬁber-containing foods has refocused the food industry on the
beneﬁts of incorporating different ﬁbers in the foodstuff (Rosell,
Santos, & Collar, 2009).
Pulps presented much higher carbohydrate contents than kernels,
being important suppliers of this macronutrient when included in the
diet. Among the pulps, which obtained the highest total carbohydrate
content was jerivá, and the one with lower content was macaúba.
Among the kernels, the carbohydrate content was higher in guariroba,
while the lowest in jerivá kernel.
Both the studied fruits pulps and kernels may be important when
it comes to energy intake, once included in the diet. Using a
conversion factor of 4 kcal/g for protein and carbohydrate and
9 kcal/g for lipids, it was possible to estimate the caloric value of the
pulps and kernels. Thus, the calorie amount was higher in jerivá,
macaúba and guariroba kernels, which had about 615, 552 and
550 kcal/100 g, respectively. In macaúba guariroba and jerivá pulps,
the amount of calories was 432, 330 and 285 kcal/100 g, respectively.
The consumption of the whole fruit, pulp and kernel, supplies a
signiﬁcant amount of all necessary nutrients for human diet, and a
high amount of calories. Clearly, further studies should be conducted
with this potential food source, especially regarding toxic and
antinutritional factors.
The mean and standard deviations for the data of carotenoids and
tocopherols present in oils extracted from the fruits are presented in
Table 2.
The amount of total carotenoids, expressed as β-carotene, was
signiﬁcantly higher in the pulp oils than in the kernels. Among the
pulps, jerivá had an amount four times greater than the macaúba pulp
oil and seven times higher than the guariroba. Visually, the jerivá pulp
oil presented a dark orange color, while the macaúba and guariroba
oils showed a yellow shade. Among the kernels, jerivá oil also had the
highest carotenoid level, followed by macaúba kernel oil and
guariroba. Visually, the three kernel oils showed no difference in
coloring.
By comparison, other studies have found a β-carotene content of
62 μg/g in carrots (Niizu & Rodriguez-Amaya, 2005), 40 μg/g in
melons (Casagrande & Kimura, 2006) and 57 μg/g in pumpkins(Azevedo-Meleiro & Rodriguez-Amaya, 2005), values close to the
levels of β-carotene found in macaúba.
Important health beneﬁts have been attributed to the carotenoids.
Some carotenoids, such as β-carotene, are capable of being converted
to vitamin A, thereby they play an important nutritional role. Research
shows that consumption of foods rich in pro-vitamin A carotenoids
can supply signiﬁcant vitamin A amounts in animals and humans
(Siqueira, Arruda, Vargas, & Souza, 2007). Moreover, both the pro-
and non-pro-vitamin A carotenoids can act as antioxidants against
cardiovascular conditions, certain cancers, neurological disorders,
strengthen the immune system, macular degeneration related to age
and cataracts, in gene activation and inﬂammatory processes, by
modulating the lipoxygenase (Gama & Sylos, 2007).
It must be considered not only in bioactive compounds concen-
tration in food, but also its bioavailability. Researches show that the β-
carotene from the macaúba pulp is highly bioavailable, when
compared to pure β-carotene, and in the case of oil consumption,
this further increases bioavailability (Ramos, Siqueira, Isomura,
Barbosa, & Arruda, 2007).
In addition to carotenoids, tocopherols also have an antioxidant
activity, which was veriﬁed both in vivo and in vitro. In vegetable oils,
tocopherols act protecting the unsaturated fatty acids from lipid
oxidation. Besides, in the human body they exhibit biological activity
of vitamin E (Ching & Mohamed, 2001).
The oils extracted from three pulps showed the total tocopherol
amount signiﬁcantly higher than the oils from kernels. The pulp oil
with the highest tocopherol content was the jerivá (323.50 mg/kg),
followed by macaúba (212.95 mg/kg) and guariroba (45.13 mg/kg).
As for the kernels, macaúba oil had the highest total tocopherol
content (23.10 mg/kg), followed by jerivá and guariroba, both with
about 19 mg/kg.
Theα-tocopherol was predominant in all oils analyzed, representing
in the jerivá and guariroba pulp oils about 80% of total tocopherols and in
macaúba pulp oil about 67%. In the kernel oils, the α-tocopherol
accounted for approximately 60% of total tocopherols. α-tocopherol is
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(100%). Besides α-tocopherol, δ-tocopherol was also present in all oils
tested, at concentrations of about 8 mg/kg. For all kernel oils and for
guarirobapulpoil, thiswas the secondpredominant isomer, representing
about 35% of the total tocopherols in the kernels and 17% in the guariroba
pulp.Whileα-tocopherol presented thehighest vitaminEactivity,γ- and
δ-tocopherol have higher antioxidant activity (Schmidt & Pokorný,
2005).
4. Conclusions
The pulps and kernels of guariroba, jerivá and macaúba were quite
different in their proximate composition. The high ﬁber content
indicates that the studied pulps and kernels have the potential to be
used in the formulation of bakery products to enrich their texture,ﬂavor
and nutritional value.
Concerning the bioactive compounds, pulp oils showed to be
richer in carotenoids and tocopherols. Jerivá and macaúba pulp oils
showed considerable carotenoid and tocopherol amounts, especially
α-tocopherol, thus representing an important source of vitamins A
and E. Since analyzed fruits are still little used for consumption, tests
on toxicity and antinutritional factors should be provided in future
studies.
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